Objective: Elevated pre-sleep arousal has been consistently associated with insomnia, yet the cognitive-emotional mechanisms involved in sleep-related arousal remain unclear. The purpose of this study was to identify predictors of pre-sleep arousal and trait hyperarousal from a set of variables that included self-reported affect, sleep-related cognitions, locus of control, and gender. Methods: Cross-sectional data were analyzed for 128 participants (89 females) who met criteria for psychophysiological insomnia and completed a set of questionnaires that included the Beliefs and Attitudes about Sleep (BAS), Positive and Negative Affect Schedule (Negative Subscale (nPANAS) and Positive Subscale (pPANAS)), Sleep Locus of Control (SLOC), Pre-Sleep Arousal Scale (PSAS), Hyperarousal Scale (HAS) and demographic information.
Introduction

Hyperarousal and sleep disturbance
Insomnia disorders are among the most common sleep disorders, with prevalence rates ranging from 6 to 10% of the general population [1] [2] [3] . Psychophysiological insomnia is a specific type of insomnia characterized by heightened levels of physiological, cognitive, and emotional arousal that is present across the 24-hour day [4] . Such hyperarousal may include trait-like tendencies toward excess arousal, or state hyperarousal at bedtime. Trait hyperarousal refers to a broad pattern of excessive, poorly modulated responsiveness to stimuli during wakefulness [5, 6] , which can serve as a predisposition or vulnerability for insomnia [7, 8] . In contrast, pre-sleep arousal is a narrower, state-like construct, referring specifically to cognitive [9] [10] [11] and somatic arousal while attempting to fall asleep [12] [13] [14] [15] . Pre-sleep hyperarousal is hypothesized to arise from conditioning factors and maladaptive responses that are a reaction to chronically disturbed sleep [8, [16] [17] [18] or the inability to de-arouse [19] . Although the precise mechanisms are not yet clear, it appears that insomnia disorders arise from the additive effects of trait factors such as the tendency for cognitive-emotional hyperarousal, combined with state factors, such as rumination during pre-sleep and times of stress, and coping strategies focused on negative emotions triggered by stressful events [8, 19, 20] . To our knowledge no previous study has examined differences in the cognitive and emotional factors related to trait and state hyperarousal in the context of insomnia.
with psychophysiological insomnia had higher cognitive arousal on the PSAS at bedtime and up to three hours before bedtime [22] .
Besides the level of cognitive activity, cognitive hyperarousal may involve intrusive thoughts during the sleep onset period, dysfunctional beliefs about sleep, and maladaptive cognitions about control over sleep [16, 23] . Indeed, maladaptive beliefs about sleep may perpetuate pre-sleep arousal [16] . Compared to normal sleepers, those with insomnia reported more dysfunctional beliefs about sleep, generally related to helplessness and hopelessness [9, 24] . These dysfunctional beliefs include maladaptive concerns about the consequences of insomnia, beliefs that sleep is unpredictable and uncontrollable, unrealistic expectations about sleep needs, misconceptions about causes of insomnia, and incorrect beliefs about sleep promoting practices [11, 16, 24, 25] . Dysfunctional beliefs about sleep are also associated with greater insomnia severity and lower sleep self-efficacy [24] .
Among people with insomnia, a particularly important set of cognitions is the control over sleep, or sleep locus of control. An external, or "chance," locus of control is the belief that one has little control over sleep, while an internal locus of control indicates belief that one can control his or her own sleep. In the face of pressure to control sleep, perceived inability to do so may perpetuate insomnia by increasing emotional arousal at bedtime, contributing to the "vicious cycle" of insomnia [16] . Cognitions related to control may be particularly potent compared to other cognitive content. Poor self-efficacy predicted more severe insomnia, while dysfunctional beliefs did not demonstrate an independent effect on insomnia severity [26] . As sense of control over sleep improved with cognitive behavioral therapy, sleep efficiency also improved [27] , and among individuals who developed a more internal sleep locus of control during CBT for insomnia, insomnia severity decreased [28] . While there appears to be a connection between locus of control and insomnia severity, the mechanism is not yet known. One possibility is that locus of control might be related to arousal. Among people with insomnia, an internal locus of control was associated with higher levels of sleep-related anticipatory anxiety [29] , suggesting that pressure to control one's sleep may be related to hyperarousal. Thus, further exploration into the relationship between sleep locus of control and arousal seems warranted.
Emotion
Previous research has examined mood and emotional functioning associated with insomnia [30, 31] with more recent research examining the subjective experience of emotion, including both valence and arousal [32] . Individuals with psychophysiological insomnia exhibit more negatively valenced mood [33] . Following a night of poor sleep, those with insomnia had higher negative emotionality the following day [34] ; this was particularly robust in women [35] . A recent study from our lab found that poor sleepers reported more negative affect and arousal at night, but only more negative affect during the day when compared to good sleepers [36] . In a study comparing healthy controls to individuals with high levels of stress, those with high negative emotionality had the worst sleep quality [37] . The cognitive model of insomnia posits that the valence of cognitive activity among insomnia patients is excessively negative [17] . Dysfunctional cognitions about sleep may trigger negatively valenced emotions, thus perpetuating sleep disturbance [16, 32] . Recent work has attempted to classify subtypes of insomnia based on symptom constellations, including negative emotion. Psychophysiological insomnia diagnostic traits trended toward a profile marked by negative affect [38] .
Gender differences in insomnia
Insomnia disproportionately affects women, compared to men. A meta-analysis of 31 studies comprising over one million participants found that women suffered from insomnia significantly more than men (OR=1.4) [39] . A number of mechanisms have been proposed for this gender difference, including hormonal factors [40, 41] , differences in career and family obligations [42] , tendency toward rumination [24] , and differences in the prevalence of affective disorders between men and women [43] .
Gender differences in stress perception and response may drive higher rates of insomnia in women. In a large study examining stressful life events and insomnia, men and women reported similar numbers of stressful life events [44] . However, women rated the events as more stressful. Women were also more likely to report difficulty falling sleep and nighttime awakenings than men [44] . Increased negative emotional reactivity in women may contribute to the gender difference in insomnia. Research indicates that women are more emotionally reactive to stress or negative stimuli than men [45] [46] [47] . Specific to sleep, positive affective states were associated with greater sleep efficiency and total sleep time, while negative affective states were positively correlated with wake time after sleep onset among women [48, 49] . While women have a greater prevalence of insomnia compared to men, it is unclear if men and women have different cognitive-emotional profiles that could be related to arousal in the context of insomnia.
Objectives
The overall purpose of this study was to examine different factors related to state and trait hyperarousal using self-report measures. The primary aim was to examine the relationship between a set of cognitive and emotional variables with pre-sleep arousal and trait hyperarousal serving as separate dependent variables. It was hypothesized that cognitive-emotional variables including dysfunctional beliefs about sleep, sleep locus of control, and negative emotionality would predict both pre-sleep arousal and trait hyperarousal. The secondary aim was to examine gender differences across state and trait hyperarousal. It was hypothesized that women would report a higher level of negative affect compared to men and this would be significantly related to hyperarousal.
Methods
Participants
Selection criteria
Participants were at least 18 years old and met International Classification of Sleep Disorders (ICSD-2) criteria [4] for psychophysiological insomnia, which included: 1) complaint of difficulty initiating sleep, maintaining sleep, waking too early, or non-restorative sleep despite adequate circumstances for sleep; 2) complaint of daytime impairment or distress such as fatigue, impaired concentration, or concerns or worries about sleep; and 3) evidence of heightened arousal or conditioned inability to sleep such as an inability to shut off mind or physical tension [4] . Minimum duration of these symptoms was at least six months. In addition, all participants reported at least 30 min of sleep onset latency and/or wake after sleep onset on sleep diaries during a one-week screening period. Participants who reported current use of sleep medications were not included in these analyses.
Procedures
Data from this study were collected as part of the screening and baseline assessment of a larger treatment study on non-pharmacological treatments for insomnia. Participants were recruited through fliers posted on the Rush University Medical Center campus, advertisements placed in the community, and referral though the Rush Sleep Clinic. Additional postings were made on internet bulletin boards and on the public transportation system in Chicago, Illinois.
Participants were initially interviewed over the telephone to determine general eligibility for the parent study. Those who were eligible and interested in the treatment study were asked to complete one week of sleep diary and were scheduled for an in-person interview to further determine candidacy. During the in-person interview, participants provided informed consent and were administered the Duke Structured Clinical Interview for Sleep Disorders (DSISD), International Classification of Sleep Disorders (ICSD) and the Structured Clinical Interview for DSM-IV-TR Axis I Disorders (SCID-I) [50] . Participants also completed a packet of questionnaires including demographic information (age, sex, race, ethnicity, education, and marital status) and the self-report measures below.
Measures Pre-Sleep Arousal Scale
The Pre-Sleep Arousal Scale (PSAS) is a 16-item self-report scale that assesses physiological ("heart racing, pounding or beating irregularly") and cognitive ("worry about falling asleep") arousal prior to sleep. Participants were asked to rate the extent to which they experienced each item as they tried to fall asleep in the past week from 1 ("not at all") to 5 ("extremely") [13] . The internal consistency of the scale in the current study was α =0.80.
Hyperarousal Scale
The Hyperarousal Scale was developed by Pavlova et al. [5] and contains 26 items that are intended to measure trait arousal/alertness during wakefulness in participants with insomnia ("My mind is always going"). Participants were asked to consider the items in the questionnaire and indicate the degree to which it applied to them from 1 ("not at all") to 4 ("extremely"). The internal consistency of the scale in the current study was α = 0.74.
Positive and Negative Affect Schedule
The Positive and Negative Affect Schedule (PANAS) is a 20-item questionnaire that assesses affect across two dimensions, positive (e.g., determined, enthusiastic, excited) and negative (e.g., afraid, guilty, distressed). Participants were asked to rank the extent to which they felt each item during the past week on a Likert scale from 1 ("very little/not at all") to 5 ("extremely") [51] . The internal consistency of the scale in the current study was α = 0.77. Analyses were conducted on the positive and negative subscales of the PANAS. In this study, the timeframe used was the past week.
Beliefs and Attitudes about Sleep
The Beliefs and Attitudes about Sleep (BAS) comprises 30 statements that examine various cognitions (i.e., expectations, consequences, control) related to sleep. On a scale of 0 ("strongly disagree") to 10 ("strongly agree"), participants were asked to indicate the degree to which they agreed or disagreed with each statement [16] . The internal consistency of the scale in the current study was α =0.87.
Sleep Locus of Control
The Sleep Locus of Control (SLOC) is an 8-item scale developed by Vincent et al. [29] that measures two dimensions of sleep locus of control: internal and chance. Participants indicated on a Likert scale from 1 (strongly disagree) to 6 (strongly agree) the amount to which they agreed or disagreed with each item. The internal consistency of the scale in the current study was α = 0.63.
Statistical analyses
Prior to performing regression analyses, variables were examined to ensure no violation of the assumptions of normality, linearity, multicollinearity, or homoscedasticity. Correlations among independent variables were no higher than r = 0.7. Tolerance values were greater than 0.1, and variance inflation factor values were all less than 2. Normal P-P and scatter plots suggested no major deviations from normality. Pearson correlations were first performed to assess the relationship among the constructs. Independent-sample t-tests were performed to examine gender differences in all main variables. Main hypotheses were tested with step-wise multiple regression. Models assessed the relationship between the dependent variables (PSAS and HAS) and a set of independent variables including gender, nPANAS, pPANAS, BAS, SLOC, age, gender, or current Axis I diagnosis. Demographic factors of age, marital status, and current Axis I diagnosis were entered for the first step. Questionnaire measures of SLOC, nPANAS, pPANAS, and BAS were entered in the second step. Finally, to assess potential gender differences in these relationships, interactions between gender and the questionnaire measures were entered at the third step. Full model analyses and model comparisons were only performed for participants who had no missing values for any of the included independent variables (32 male and 79 female participants). All analyses were performed with SPSS version 19 and the freeware statistical package R.
Results
Participants
Participants included 39 men and 89 women. The age of participants ranged from 19 to 76 years (M=45.1, SD=13.9). A majority of the sample was female (70%) and identified as White (58%) and non-Hispanic or Latino (89%). The overwhelming majority (89%) of the sample completed high school (17%) or college (72%). Among participants, 29.7% were married and 54.7% were single, while others were divorced, separated, engaged, or living with a partner. Duration of insomnia ranged from 6 months to 30 years. Based on Duke history, 10 participants indicated comorbid sleep disorders including restless leg syndrome (n=4), suspected OSA (n=3), symptoms of delayed sleep phase syndrome (n=2), and insomnia related to a mental disorder (n=1). Based on SCID interview, the sample included 42 subjects with a current Axis I diagnosis; the most common diagnoses were dysthymia (n=12), generalized anxiety disorder (n=11) and major depressive disorder (n=6). Slightly more than half of the participants who met criteria for an Axis I disorder were women (64%). Mean scores on each measure for men, women, and the combined sample can be found in Table 1 .
Correlations among variables
PSAS was significantly correlated with gender (r=−0.23, p=.02), age (r=−0.24, p=.01), and Axis I diagnosis (r=0.39, pb 0.01) but not with race, education, or marital status. HAS was significantly associated with age (r = 0.33, p b .01), marital status (r = − 0.22, p = .02), and Axis I diagnosis (r=0.27, pb .01), but not with gender, race, or education (Table 2 ).
Gender differences
Chi-square and independent-sample t-tests were performed to examine gender differences in all main variables. There were no statistically significant differences between men and women in age, education level, or BMI. Women had higher PSAS scores (t (113) = −2.452, p = .016 (two-tailed)) than men (Table 1) . Examining bivariate correlations within each gender, PSAS was significantly, positively associated with SLOC in men (r = 0.42). Among women, high PSAS was significantly, positively correlated with negative emotionality (nPANAS) (r = 0.46) and BAS (r = 0.29).
Main analyses Pre-sleep arousal
Step-wise multiple regression was conducted on the PSAS as the dependent variable. Gender, age, marital status, and Axis I psychiatric diagnoses were entered at the first step explaining 22.7% of the variance in the PSAS, (F(5, 105) = 7.46, p b .001). After entry of pPANAS, nPANAS, BAS, SLOC, and their interactions with gender, the total variance explained by the model was 29.0% (F(13, 97) = 4.45, p b .001). After controlling for covariance, the addition of pPANAS, nPANAS, BAS, and SLOC and their interaction with gender explained an additional 6.3% of the variance in pre-sleep arousal (R squared change = 0.063, F change (8, 97) = 2.17, p = .037). In the final model, interactions between gender and nPANAS (p = .02) and gender and SLOC (p = .03) were statistically significant (Table 3) . Post-hoc analyses revealed greater nPANAS was associated with greater PSAS in women, but not in men; greater SLOC was associated with greater PSAS in men, but not in women (Fig. 1) . Post-hoc analyses conducted on each subscale of the PSAS revealed a similar pattern.
Trait hyperarousal
To examine trait hyperarousal, step-wise multiple regression was conducted with HAS as the dependent variable. Gender, age, marital status, and comorbid Axis I psychiatric diagnoses were entered at the first step, explaining 12.2% of the variance in the PSAS (F(5, 105) = 4.06, p = .002). After entry of pPANAS, nPANAS, BAS, SLOC, and their interactions with gender, the total variance explained by the model was 33.8% (F(13, 97) = 6.88, p b .001). After controlling for covariance, pPANAS, nPANAS, BAS, SLOC, and their interactions with gender explained an additional 21.6% of the variance in hyperarousal (R squared change = 0.216, F change (8, 97) = 5.28, p b .001). In the final model, there were significant relationships between HAS and pPANAS (p = .002), nPANAS (p b .001), and BAS (p = .005), but none of the interactions with gender were statistically significant (Table 4) .
Conclusion
The primary purpose of this study was to examine different factors related to pre-sleep arousal and trait hyperarousal among individuals with psychophysiological insomnia. Results suggested different patterns for pre-sleep arousal compared to trait hyperarousal. Within this sample, pre-sleep arousal was associated with greater negative emotionality and internal sleep locus of control, varying by gender, while trait hyperarousal was associated with higher levels of both negative and positive emotionality, as well as negative beliefs about sleep, in both genders. Further analyses revealed that among women, high pre-sleep arousal was associated with negative emotionality, while in men greater pre-sleep arousal was associated with an internal sleep locus of control.
These findings have important conceptual implications. First, the association between negative affect and both state and trait hyperarousal is consistent with the findings on the importance of emotional valence in insomnia [30] [31] [32] [33] [34] 36, 38] . Interestingly, positive affect was associated with the HAS, suggesting that elevations on both valences of affect are related to trait hyperarousal. Although hyperarousal is typically associated with anxiety or emotional activation, the relatively strong correlations and consistent associations between negative affect across both state and trait hyperarousal provide indications that the construct of emotion (as opposed to mood), merits closer investigation as it applies to insomnia. Since BAS was associated with HAS, which was used as a measure of trait hyperarousal, a more enduring construct than pre-sleep arousal, these findings would appear to support the hypothesis that individuals with insomnia who have elevations in trait hyperarousal are more likely to have maladaptive sleep-related cognitions as opposed to the hypothesis that maladaptive cognitions develop during a state of elevated pre-sleep arousal. In other words, these findings would argue against the notion that dysfunctional beliefs and attitudes about sleep are simply a reaction to sleep disturbance. Instead, it seems that dysfunctional beliefs about sleep are present in individuals with more general, trait-like tendencies toward hyperarousal that could be exacerbated during periods of elevated pre-sleep arousal. This conceptualization would appear to fit Spielman's "3 P Model," which posits that predisposing factors (such as tendency toward hyperarousal), precipitating factors (such as a stressor), and perpetuating factors (such as expectation of poor sleep) contribute to and maintain chronic insomnia [8] .
These findings also indicate gender differences in the relationship between cognitions and pre-sleep arousal among individuals with insomnia. Among women, negative emotions were related to increased pre-sleep arousal while for men, the degree of perceived control over sleep was related to increased pre-sleep arousal. While previous work has found a greater tendency toward rumination among women than men, it may not be rumination itself that is associated with hyperarousal, but the emotional impact of rumination or maladaptive cognitions [9, 18, 32] . Conversely, the present findings indicate that in men, excessive thinking about one's control over sleep may induce hyperarousal at bedtime. Previous research suggests that an internal sleep locus of control may result in pressure to control one's sleep, leading to hyperarousal [29] . Our results suggest that this sense of pressure to control one's own sleep is associated with hyperarousal among men, but not women. This research builds on previous work suggesting that the relationship between sleep and emotion might be stronger for women than men, and suggests the need to further examine the need for control of sleep among men [35] .
The clinical implications of the gender profiles in this study are twofold. First, men and women may present differently in the clinic when seeking assessment or treatment of insomnia. Women might report more negative affect during the pre-sleep period while men might report more concerns about the ability to control sleep. This finding is consistent with research demonstrating gender differences in emotional expression and response to stress [44] [45] [46] 49] . Second, men and women might respond differently to insomnia treatment. Specifically, men and women might require different cognitive targets when addressing pre-sleep arousal. Research suggests that women and men perceive and cope with stress differently, and therefore may be differentially responsive to therapy targeting emotion regulation or cognitive restructuring [52] . For women, emotion-regulation techniques such as mindfulness meditation [18, 53, 54] might be more helpful to reduce pre-sleep arousal while for men, more traditional cognitive strategies such as cognitive restructuring or behavioral experiments [25] aimed at shifting the locus of control might be more helpful.
Limitations and future directions
We acknowledge several limitations of this study. First, our study relied on self-report data and employed a cross-sectional design, so the direction and temporal precedence of the relationships between the variables cannot be confirmed. Future studies should employ a longitudinal design and incorporate physiological measures for sleep and arousal to compare the self-report findings with objective findings. Although Axis I diagnosis was not an a priori variable of interest, there was a strong relationship between comorbid psychiatric diagnoses and the PSAS suggesting that hyperarousal might play a role in other co-occurring psychiatric disorders, such as dysthymia, GAD, and MDD. While beyond the scope of the present study, future studies may explore the relationship between the psychiatric comorbidity and hyperarousal in the context of an insomnia disorder. In addition, the present study did not include a comparison group of good sleepers or healthy controls. Therefore, it is unclear whether these findings are specific to people with insomnia. Future studies might explore treatment preferences for men versus women with insomnia complaints. Additionally, treatment studies might compare efficacy of cognitive versus affective treatment targets for men versus women with insomnia complaints. We hope that the present findings provide a springboard for further investigation into the relationships between gender and sleep-related arousal. 
